Impaired left ventricular (LV) filling in aortic stenosis (AS) and in hypertrophic cardiomyopathy (HCM) is caused by slow LV pressure decay, which could be explained by depressed inactivation of hypertrophied myocardium. Postextrasystolic potentiation (PESP), which increases activator calcium, could lead to further deterioration of LV relaxation. The influence of PESP on LV filling dynamics was, therefore, investigated in normal controls and in patients with LV hypertrophy caused by AS or by HCM. LV hemodynamics and LV hemodynamic relaxation indexes were determined during normal sinus rhythm (NSR) and after PESP. LV pressures were recorded by micromanometer tip catheters (controls, n = 10; AS, n = 17; HCM, n = 11). Simultaneous mitral flow Doppler echocardiograms were obtained in patients with LV hypertrophy (AS, n = 8, HCM, n = 5). Despite significant increases of LV dP/dtma. after PESP in all three study groups, PESP affected LV hemodynamic relaxation indexes differently. The time constant of LV pressure decay (TpB) derived from exponential curve fits with nonzero asymptote pressure remained unaltered after PESP in normal controls, rose from 62 ±17 to 74 ± 21 msec (p<0.02) in patients with AS, and rose from 74 ± 18 to 84 ±19 msec (p<0.02) in patients with HCM. Early diastolic LV pressure decay was measured by 4 (phase of the first harmonic of a Fourier transform applied to the diastolic LV pressure waves) and by t (time interval from LV dP/dtmin to LV minimum diastolic pressure). After PESP, 4 remained unaltered in normal controls but decreased in AS from 42.8± 19.10 to 24.0 ± 28.80 (p<0.001) and in HCM from 39.7 ± 15.40 to 26.9+ 15.70 (p<0.001). Similarly, t was unchanged after PESP in normal controls but prolonged in AS from 146+ 48 to 205 ± 86 msec (p<0.001) and in HCM from 168 + 40 to 208 ± 53 msec (p<0.02). The slower early diastolic LV pressure decay after PESP reduced peak flow velocity in early diastole (AS-NSR, 0.57 ± 0.19 m/sec vs. AS-PESP, 0.51 ± 0.17 m/sec; p<0.05) (HCM-NSR, 0.67 ± 0.22m/sec vs. HCM-PESP, 0.57 ± 0.23 m/sec; p<0.01) and deceleration of early diastolic flow (AS-NSR, 4.6+ 1.9m/sec2 vs. AS-PESP, 2.9 ± 2.3 m/sec2; p<0.05) (HCM-NSR, 5.8 ± 1.8 m/sec2 vs. HCM-PESP, 4.3 ± 2.1 m/sec2; p<0.01). In conclusion, PESP slows isovolumic and early diastolic LV pressure decay in patients with AS and HCM but not in normal controls. This slower LV pressure decay after PESP impedes early diastolic inflow into the hypertrophied LV and could be explained by a worsening of the imbalance between activator calcium and depressed Inactivation of hypertrophied myocardium. (Circulation 1988;78:928-940) L eft ventricular (LV) filling is impaired in LV pressure decay,8'9 which prolongs isovolumic hypertrophic cardiomyopathyl-5 and in relaxation,10 impedes LV inflow,5,1' and somepressure-overload hypertrophy of aortic times causes abnormal early diastolic LV pressure stenosis.6,7 This impairment is explained by slow waveforms.'2,13 Depressed inactivation of hypertrophied myocardium14"15 is thought to be respon-From the Cardiovascular Center, O.L.V. Ziekenhuis, Aalst, sible for this slow LV pressure decay.'6 Calcium
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Patients and Methods Control Patients
The control study group comprised 10 patients (seven women and three men) (ages, 26-63 years; mean, 50 years) referred for evaluation of chest pain. There was no clinical or echocardiographic evidence of congenital, valvular, or cardiomyopathic heart disease. LV and coronary angiography revealed normal LV volumes, normal ejection fraction, and absence of coronary artery disease. At the time of the study, no patient was taking positive or negative inotropic drugs.
Patients With Aortic Stenosis
Seventeen patients (six women, and 11 men) (ages, 48-76 years; mean, 63 years) with valvular aortic stenosis (mean aortic valve area, 0.52+±0.19 cm2) were studied when undergoing diagnostic left and right heart catheterization and coronary angiography. Table 1 summarizes patient characteristics, aortic valve area, transvalvular aortic gradient, end-diastolic volume index, ejection fraction, and LV wall mass index for all patients with aortic stenosis. Aortic valve area was calculated with the Gorlin formula.20 LV end-diastolic volume index, ejection fraction, and LV wall mass index were calculated from single-plane LV cineangiograms performed in 300 right anterior oblique projection.21 LV wall thickness was measured on an enddiastolic frame at the LV free wall two thirds of the distance from the aortic valve to the apex in the right anterior oblique projection.21 Pressureoverload hypertrophy was evident from an increased LV wall mass index (199 + 55 g/m2). All patients were in sinus rhythm at the time of the study. No patient had more than trivial aortic regurgitation, and there was no significant concomitant mitral valve disease. Coronary arteriography was performed in all patients and showed no significant coronary artery stenoses (coronary artery luminal diameter narrowing >50%). At the time of catheterization, four patients (Table 1, Hemodynamic Studies Left-right heart catheterization and coronary arteriography were performed from a femoral or brachial approach. All pressures were referenced to atmospheric pressure at the level of the midchest, and cardiac outputs were measured with Fick or thermodilution techniques (average of at least three values, 9520A Cardiac Output Computer, Edwards Laboratories). LV pressure was measured with a micromanometer-tipped catheter (Millar Instruments, Houston, Texas) calibrated externally against a mercury reference and matched against luminal pressure. The LV dP/dt signal was derived from the high-fidelity LV pressure signal with an electronic differentiator. The pressure signals, the LV dP/dt signal, and a bipolar standard lead of the electrocardiogram were recorded on a Gould ES 1000 multichannel recorder. Pressure signals were digitized on-line with a Hewlett-Packard multiprogrammer 6942 analog-to-digital converter and processed with a Hewlett-Packard 9836 computer. Hemodynamic data (Table 3 ) and hemodynamic LV relaxation indexes (Table 4 ) were averaged over a complete respiratory cycle during normal sinus rhythm. For each patient, an equal number of PESP beats was analyzed and averaged. The PESP beats were preceded by a premature ventricular beat, which occurred spontaneously during right heart catheter pullback or was induced by right ventricular pacing catheter. Two time constants of LV pressure decay ( Table 4 , T and TPB) were derived (ages, 43-66 years; mean, 54 years) with hypertrofrom the digitized pressure data points of isovolu- mic LV relaxation. The time constant T was derived with an exponential curve fit with zero asymptote pressure,26 whereas an exponential curve fit with nonzero asymptote pressure (PB) was used to calculate the time constant TpB.8'27'28 Pressure data points were obtained at 3-msec intervals by digitizing the LV pressure signal from the moment of LV dP/dtmin to a time at which LV pressure equaled LV end-diastolic pressure rather than LV end-diastolic pressure plus 5 mm Hg.27 A LV pressure equal to LV end-diastolic pressure was chosen as endpoint of the exponential curve fit to make the exponential time constant analysis continuous to the Fourier transform, which was applied to the diastolic LV pressure wave. The mean correlation coefficients of the exponential curve fits with zero asymptote pressure were 0.994 (range, 0.991-0.999) for the control study group, 0.988 (range, 0.985-0.995) for patients with aortic stenosis, and 0.980 (range, 0.973-0.994) for patients with hypertrophic cardiomyopathy. The mean correlation coefficients of the exponential curve fits with nonzero asymptote pressure were 0.994 (range, 0.992-0.999) for the control study group, 0.990 (range, 0.987-0.996) for patients with aortic stenosis, and 0.990 (range, 0.985-0.997) for patients with hypertrophic cardiomyopathy. Diastolic LV pressure waveforms were quantitatively assessed by Fourier transform of the diastolic LV pressure signal, which was digitized at 3-msec intervals from the endpoint of the time constant analysis (pressure on the descending portion of the LV pressure signal equal to LV end-diastolic pres- sure) to LV end-diastolic pressure of the following beat. By taking equal endpoints and starting points for the digitized diastolic LV pressure wave, the Fourier transform could be applied to a continuous variable. The absence of discontinuities increases the resolution of a Fourier transform. The phase of the first Founrer harmonic was used as a discriminant between different diastolic LV pressure waveforms. Data processing for the calculation of the different time constants of LV pressure decay and for the Fourier transform was performed with an Apple M 0001 WP 512K computer (Cupertino, California).
Doppler Echocardiographic Studies
In a subset of five patients with aortic stenosis, M-mode echocardiograms of the LV cavity were recorded simultaneously with a LV tipmicromanometer pressure signal. These recordings were obtained with an Irex System II multiplechannel recorder or derived from a short-axis view of the LV cavity recorded by a sector scanner (Irex Meridian). LV end-systolic internal dimensions were measured during normal sinus rhythm (NSR) (3.5 ± 2.1 cm), for the premature ventricular beat (2.9 1.1 cm; p<0.05 vs. NSR), and for the potentiated beat (2.8 + 1.7 cm; p<0.05 vs. NSR).
Mitral valve Doppler flow velocity recordings were obtained during regular sinus rhythm and after postextrasystolic potentiation in eight patients with aortic stenosis (Table 5 ) and in five patients with hypertrophic cardiomyopathy (Table 5 ) simultaneously with the LV tip-micromanometer pressure tracing. A pulsed-Doppler flow velocity meter and sector scanner (Irex Meridian) with a dualfrequency transducer (3.5-MHz imaging frequency and 2.0-MHz Doppler frequency) was used. The ultrasound transducer was placed at the apex to obtain a four-chamber view. The Doppler beam was aligned parallel to transmitral flow. The Doppler sample volume was set at a level approximately 1 cm below the mitral annulus within the inflow area of the LV and adjusted for optimal spectral display of the Doppler waveform. Two mitral flow velocity indexes were calculated, namely, peak flow velocity in early diastole and deceleration of early diastolic flow ( Table 5 ). Peak flow velocity in early diastole (PFVE) was measured at maximal blood flow velocity as the midpoint of the Doppler flow velocity spectrum. Deceleration of early diastolic flow (DEF) was measured as the slope of a line, which connects peak flow velocity in early diastole to a flow velocity on the descending portion of the early filling phase, which equals 50% of peak flow velocity in early diastole.1H Mitral valve opening pressure was derived from the simultaneous LV pressure and mitral flow velocity recordings as the LV pressure, which corresponded to the onset of early diastolic LV inflow. Intraobserver and interobserver variability of the Doppler echocardiographic indexes was 3.4% and 4.2% for PFVE and 4.6% and 5.3% for DEF.
Statistical Analysis
All data are reported as mean + SD. Statistical significance was set at p<0.05 and was obtained by Student's t test of paired or grouped data or by a multiple comparison analysis (Bonferroni method). Results
Effects of Postextrasystolic Potentiation on Left Ventricular Hemodynamics and Left Ventricular
Hemodynamic Relaxation Indexes Controls. Tables 3 and 4 show the effects of postextrasystolic potentiation (PESP) on LV hemodynamics and LV hemodynamic relaxation indexes. After PESP, there was a small but significant drop of LV peak systolic pressure (LVPSP) from 139 ± 16 to 131± 20 mm Hg (p<0.01) and of LV enddiastolic pressure (LVEDP) from 17±+ 5 to 15±5 mm Hg (p<0.05). LV minimum diastolic pressure (LVMDP) remained unaltered after PESP (LVMDP-NSR, 6±5 mm Hg; LVMDP-PESP, 5±6 mm Hg; NS). There was a significant increase of LV dP/dtmax after PESP from 1,993 ± 263 to 2,320 ± 446 mm Hg/ sec (p<0.002). LV dP/dtmin, the time constants of LV pressure decay derived from exponential curve fits with zero (T) or nonzero (TPB) asymptote pressure, the phase 4 of the first harmonic of a Fourier transform applied to the diastolic LV pressure wave showed no significant shifts after PESP in the control group.
Aortic stenosis. Figure 1 shows LV pressure, femoral artery pressure, and LV dP/dt recorded in a representative patient with aortic stenosis during regular sinus rhythm (top panel) and during regular sinus rhythm interrupted by a premature ventricular beat (bottom panel). PESP increased LV peaksystolic pressure and dP/dtmax. After PESP, there was slow early diastolic LV pressure decay and a reduced fast filling wave on the diastolic LV pressure tracing. Table 3 summarizes the hemodynamic effects of PESP in patients with aortic stenosis. PESP caused a significant increase in peak LV systolic pressure from 212 + 24 to 234 + 30 mm Hg (p<O.OOl), in LV minimum diastolic pressure from 11±5 to 13+4 mm Hg (p<0.01), and in the maximum rate of LV pressure rise (dP/dtm,x) from 1,851+448 to 2,661±516 mm Hg/sec (p<0.001).
After the potentiated beat, there was no significant During regular sinus rhythm, patients with AS showed impairment of LV relaxation and filling compared with the control study group (Table 4 ). Patients with AS had a significantly longer time constant of LV pressure decay derived from a monoexponential fit with nonzero asymptote pressure (TPB Control, 35 ± 5 msec vs. TPB AS, 62 ± 17 msec; p<0.01), a significantly smaller value for the phase ()) of the first harmonic of a Fourier transform applied to the diastolic LV pressure wave (4)Control, 70.9±21.80 vs. OAS, 42.8±19.10, p<0.01) and a longer time interval (t) from LV dP/dtmin to LVMDP (tControl, 124 ± 17 msec vs. tAS, 146 ±48 msec; NS).
In contrast to the control group, PESP caused significant shifts of the LV hemodynamic relaxation indexes in patients with AS. After PESP, there was a significant prolongation of T (time constant of LV pressure decay derived from an exponential curve fit with zero asymptote pressure) from 43±7 to 51 ± 12 msec (p<0.005) and of TPB [time constant of LV pressure decay derived from an exponential curve fit with nonzero asymptote pressure (PB)] from 62+17 to 74 ±21 msec (p<O.02). The asymptote pressure (PB) remained unaltered after PESP (PBNSR, -19±11 mmHg;PBPESP, -20±12mm Hg; NS). The phase (4) of the first harmonic of a Fourier transform applied to the diastolic LV pressure wave was significantly decreased after PESP from 42.8± 19.10 to 24.0±28.80 (p<0.001). A decrease of after PESP reflects the slower early diastolic LV pressure decay and the blunted fast filling phase of the diastolic LV pressure wave after PESP (see Figure 1 ). After PESP, the time interval (t) from LV dP/dtmin to LVMDP increased from 146+48 to 205 +86 msec (p<0.001). The individual values of T, 4, and t for patients with aortic stenosis during regular sinus rhythm and after PESP are shown in Figure 2 .
Hypertrophic cardiomyopathy. Figure 3 shows LV pressure and femoral artery pressure during sinus rhythm and during sinus rhythm interrupted by a premature ventricular contraction recorded in a patient with obstructive hypertrophic cardiomyopathy. There was a large outflow tract gradient at rest with spike-and-dome appearance of the arterial pressure wave. After PESP, there was slow early diastolic LV pressure decay with absent fast filling phase on the diastolic LV pressure wave and a minimum diastolic pressure, which occurred just before the onset of the following a wave (see arrow, Figure 3 ). Table 3 summarizes the hemodynamic effects of PESP in patients with hypertrophic cardiomyopathy. Despite the increased outflow tract gradient during PESP in two patients with obstructive hypertrophic cardiomyopathy (Table 2, patients 7 and 9), peak LV systolic pressure was unaltered after PESP (from 154 + 41 to 149 ± 47 mm Hg; NS), probably because of decreased impedance to ejection after the compensatory pause in patients with a nonobstructive hypertrophic cardiomyopathy. After PESP, there was a significant increase in LV dP/dtmax from 1,698 ± 625 to 2,106+ 917 mm Hg/sec (p<0.01). There was a small but significant rise in LV minimum diastolic pressure and in LV end-diastolic pressure after the potentiated beat from 8 + 5 to 11 + 6 mm Hg (p<0.05) and from 21±+ 11 to 24±+ 12 mm Hg (p<0.005). Mitral valve opening pressure (MVOP) remained unaltered after PESP (MVOP-NSR, 27 + 11 mm Hg; MVOP-PESP, 29 + 11 mm Hg; NS).
Compared with the control study group, patients with hypertrophic cardiomyopathy had a significantly longer time constant of LV pressure decay derived from a monoexponential fit with nonzero asymptote 100 0 FIGURE 3. Recording of left ventricular pressure and femoral artery pressure during normal sinus rhythm and during sinus rhythm interrupted by a premature ventricular contraction in a patient with hypertrophic obstructive cardiomyopathy (HOCM). After postextrasystolic potentiation, there was slow diastolic left ventricular pressure decay persisting into mid-diastole with absent fast filling wave on the diastolic left ventricular pressure tracing (arrow). pressure (TPB Controls, 35 ± 5 msec vs. TPB HCM, 74+18 msec; p<0.01), a longer time interval (t) from LV dP/ dtm.n to LVMDP (tcontrol, 124 + 17 msec vs. tHCM, 168 ± 40 msec; p<0.05) and a significantly smaller phase ()) of the first harmonic of a Fourier transform applied to the diastolic LV pressure wave ((control, 70.9 ± 21.80 vs. 4HCM, 39.7 ± 15.40; p<0.01).
The influence of PESP on LV hemodynamic relaxation indexes in patients with hypertrophic cardiomyopathy is summarized in Table 4 . After PESP, there was a prolongation of T from 47 + 13 to 58 ± 22 msec (p<0.05), of TPB from 74 + 18 to 84 + 19 msec (p<0.02), and of the time interval (t) from LV dP/dtmin to LVMDP from 168 + 40 to 208 ± 53 msec (p<0.02). The asymptote pressure (PB) remained unaltered after PESP (PB NSR, -25 + 6 mm Hg; PB PESP, -23 ± 12 mm Hg; NS). The phase ()) of the first harmonic of a Fourier transform applied to the diastolic LV pressure wave significantly decreased after PESP from 39.7 ± 15.40 to 26.9 ± 15.7( p<O.OOl), consistent with slower early diastolic LV pressure decay. The individual values of T, 4, and t for patients with hypertrophic cardiomyopathy during regular sinus rhythm and after PESP are shown in Figure 4 .
Effects of Postextrasystolic Potentiation on Doppler Echocardiographic Relaxation Indexes of Hypertrophied Left Ventricle
The functional significance of the slow early diastolic LV pressure decay, which was observed after PESP in patients with LV hypertrophy, was further investigated by simultaneous recordings of tip-micromanometer LV pressure and Dopplerechocardiographic mitral valve flow velocity. These tracings were obtained in eight patients with aortic stenosis and five patients with hypertrophic cardiomyopathy (Table 5 ). For a representative patient with aortic stenosis simultaneous recordings of LV pressure, dP/dt, and mitral valve flow velocity are shown in Figure 5 during regular sinus rhythm interrupted by a premature ventricular contraction. After PESP (see arrow, Figure 5 ), there was slower early diastolic LV pressure decay without fast filling wave and reduced peak mitral valve flow velocity with slower deceleration of mitral valve flow. Individual changes after PESP of peak mitral valve flow velocity in early diastole (PFVE) and of deceleration of early diastolic flow are shown in Figure 6 . Figure 6 .
Discussion To evaluate myocardial inactivation as a control mechanism of ventricular relaxation and filling, we investigated the influence of PESP on LV relaxation and filling in control subjects and in patients with hypertrophic cardiomyopathy and pressure overload hypertrophy of aortic stenosis. A premature cardiac contraction augments myocardial calcium influx, increases activator calcium, and potentiates contractile performance of the following beat.30 An increased amount of activator calcium challenges the calcium reuptake capacity and, when myocardial relaxation is predominantly inactivationdependent, leads to slower or incomplete LV relaxation. 31 In anesthetized dogs32 and in control patients, the time constant of LV relaxation, the morphology of the early diastolic LV pressure wave, and the time interval from peak negative dP/dt to LV minimum diastolic pressure remained unaltered after PESP. The opposing influences of increased activator calcium and of smaller end-systolic dimension or smaller end-systolic wall stress probably counterbalance to cause no overall effect of PESP on the LV hemodynamic relaxation indexes. In contrast to these findings, PESP slowed isovolumic and early diastolic LV pressure decay in patients with hypertrophic cardiomyopathy and with pressure-overload hypertrophy of aortic stenosis.
Isovolumic LV pressure decay was assessed by two time constants (T and TPB) derived respectively from a monoexponential curve fit with zero26 or tion coefficients of the exponential curve fits to LV pressure decay were higher in control patients than in patients with aortic stenosis or hypertrophic cardiomyopathy. Similar deviations from a monoexponential pressure decay in the hypertrophied LV have been reported by other investigators. 13, 1928 After PESP, both time constants (T and TPB) prolonged significantly in patients with aortic stenosis and hypertrophic cardiomyopathy but not in the control group. PESP, however, exerted unequal effects on LV peak systolic pressure. LV peaksystolic pressure fell after PESP in control patients, remained unaltered in patients with hypertrophic cardiomyopathy, and rose in patients with aortic stenosis. Recent data suggested that alterations of LV afterload have no direct effect on isovolumic LV pressure decline in both control patients33 or patients with aortic stenosis.34 In patients with aortic stenosis, the increased peak LV pressure after PESP, therefore, does not explain the prolongation of T and TPB, which is more likely related to worsening of inactivation of hypertrophied myocardium. After PESP, there was a significant increment in LV end-diastolic pressure in hypertrophic cardiomyopathy but not in aortic stenosis. This increment of LV end-diastolic pressure after PESP caused a significant shift of the endpoint of the exponential fits to LV pressure decay. A higher endpoint to the curve fit could contribute to a longer time constant after PESP. 35 An abnormal pattern of diastolic LV pressure waveform has been reported in some patients with hypertrophic cardiomyopathy'2,16 and pressureoverload hypertrophy caused by aortic stenosis.13 This pressure wave, which persistently declines into mid-diastole, blunts the fast filling phase, and supports the concept of LV inflow obstruction into the hypertrophied LV. In the present study, early diastolic LV pressure decay was quantitatively assessed by the time interval (t) from LV peak negative dP/dt to LV minimum diastolic pressure 937 OL 938 Circulation Vol 78, No of the first Fourier harmonic, the slower early diastolic LV pressure decay. After PESP, the phase of the first Fourier harmonic was significantly decreased in both aortic stenosis and hypertrophic cardiomyopathy but not in the control group. Small decrements of the phase of the first Fourier harmonic corresponded to slowing of early diastolic LV pressure decay with blunted fast filling phase. Large decrements corresponded to a shift of the diastolic LV pressure waveform to a morphology with persistent diastolic LV pressure decay, absent fast filling, and a minimum diastolic pressure, which occurred just before the onset of the subsequent a wave. The inducibility of slower and incomplete relaxation in the hypertrophied LV by PESP argues in favor of a failure of myocardial inactivation as the mechanism of impaired relaxation of the hypertrophied LV. Such failure of myocardial inactivation could correspond to slower enzyme kinetics or a reduced calcium sensitivity of proteins involved in excitation-contraction coupling in hypertrophied myocardium.
Respiratory variations, catheter entrapment, and inotropic drugs, which were not withheld in some patients at the time of the study, could possibly interfere with the present results. To include respiratory variations of diastolic LV pressure waveforms and of mitral valve Doppler echocardiograms, all sinus rhythm data were averaged over a complete respiratory cycle. For each patient, a series ofpostextrasystolic beats was analyzed, whose number equaled the number of sinus rhythm beats, which made up a complete respiratory cycle. The smaller end-systolic LV volumes, which are r w w --w s w -w w. w !,. observed during PESP, raised concern about catheter entrapment as a cause of the abnormal diastolic LV pressure waveforms after PESP. The following findings argue against catheter entrapment: 1) Similar diastolic LV pressure waveforms have been recorded in previous studies on pulmonary capillary wedge tracings. 122) Simultaneous mitral valve Doppler flow recordings show reduced LV inflow at the time of the abnormal diastolic LV pressure waveform ( Figure 5 ). This confirms the functional importance of the abnormal diastolic LV pressure waveform in terms of LV inflow obstruction. 3) On LV cavity echocardiograms recorded simultaneously with the micromanometer LV pressure signal, LV end-systolic cavity dimensions of the premature ventricular beat and of the potentiated beat were equal. Despite equal end-systolic dimensions, abnormal diastolic LV pressure waveforms were only observed after the potentiated beat and not in the diastole that immediately followed the premature ventricular contraction (see Figures 1, 3, and 5) .
At the time of the study, four patients with aortic stenosis had taken digoxine and three patients with hypertrophic cardiomyopathy were on (-blocking therapy. The effects of digoxine and ,B-adrenoreceptor blockade on myocardial calcium handling could influence LV relaxation and filling dynamics36,37 and could promote the inducibility of incomplete LV relaxation after PESP.
Mitral valve Doppler flow velocity measurements recorded together with the tip-micromanometer LV pressure signal showed reduced early diastolic peak mitral valve flow velocity and slower deceleration of early diastolic flow after PESP in patients with aortic stenosis or hypertrophic cardiomyopathy. In the absence of directly measured left atrial pressure, mitral valve opening pressure was not determined from the transseptally measured v wave38 but from the simultaneous LV pressure and mitral flow velocity recordings as the LV pressure that corresponded to the onset of early diastolic LV inflow. Mitral valve opening pressure remained unaltered after PESP in patients with aortic stenosis or hypertrophic cardiomyopathy. The slower early diastolic LV inflow after PESP and the corresponding reduc- tion of the mitral transvalvular pressure gradient are, therefore, caused by slower early diastolic LV pressure decay and not by a decrease of left atrial pressure.39 This slower early diastolic LV pressure decay after PESP obstructs LV inflow and explains the reduced peak mitral valve flow velocity and the slower deceleration of transmitral flow.
On LV cavity echocardiograms recorded simultaneously with the tip-micromanometer LV pressure signal, end-systolic cavity dimensions of the potentiated beats were smaller than end-systolic cavity dimensions during regular sinus rhythm. In normal myocardium, smaller end-systolic dimensions augment internal restoring forces and elastic recoil of the LV wall. This leads to faster LV filling in early diastole. Elastic recoil of the LV wall is consistent with a load-dependent relaxation pattern, which makes myocardial lengthening sensitive to the small loading changes imposed by internal restoring forces. 40, 41 The worsening of LV filling in aortic stenosis and hypertrophic cardiomyopathy after PESP despite smaller end-systolic cavity dimensions implies only a minor role for elastic recoil during early filling of the hypertrophied LV.
In summary, a slower LV pressure decay is observed after PESP in pressure-overload hypertrophy of aortic stenosis and in hypertrophic cardiomyopathy. This slower diastolic LV pressure decay impedes LV inflow and is explained by a transient imbalance between the increased amount of activator calcium of PESP and the depressed inactivation of hypertrophied myocardium.
